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(54) VAPOR-PHASE DEPOSITION METHOD OF METALLIC COMPOUND THIN FILM AND 
METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a vapor-phase 
deposition method by which an oxide film or a nitride film 
of high-permittivity materials exhibiting uniform and 
proper film quality is deposited on a substrate by a 
vapor-phase atomic layer deposition method without 

using chloride salt materials, and to provide a method for r j ■ ^ r< - 

manufacturing semiconductor devices. ifr* .^^7/^ 

SOLUTION: Material such as zirconium, hafnium or an J [\ "* 1 , XX'WVtf'- ^ 

organic metallic compound such as a lanthanoid T t "^tv^^ i "\.. . 

compound and an oxidizing reagent or nitriding reagent ^ " ^< M *V ^ 
made of nitrogen radical or mixture radical of oxygen and vj.^. X v v 'v w.* 
nitrogen are used. A metallic compound thin film is ■ i g^;**"^ ;r i "^T*" " ' 

deposited by each atomic layer by alternately applying r* -few**'** 

the material and the radical. Since no metallic chloride S^w.v 
salt material and no water is used, no residual chlorine 
or carbon is left in the film and a high-quality thin film 
exhibiting a high uniformity of thickness can be formed. 
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ww^ffc^*&vftisiW4, wmvv**h. 

X&gf b3(l 4 £ mi> , BiaSH- 4 1512 9 ^ 4 ££a 
crm l, tr^gfb'&SsjfK^^® t-v- rtear ft 

[ii*^3] msftB(b^««tto«S(cRu. sua. 

rt#*»EE«M 0* 4 PaElTCC«»U *4Bfc&B 
31 1 3?ji2 ccga^^fb^9«®3^A#& 
fit*. wiaw«!feJ3ffc^«MDfta>ae»iB*^i/ft^ 

[■#*5] BtjiaSte^J*^, NKfeR(fcd«MM^7 

<Wi4r*, ig*^4ia#c^(b^3wig^viBita 

, flU> £ 3 0 0 WSJftSHKKt? ft C 4 

[Ig*3f 7 ] ^Ua>«6±KBflE*^jUX««gF 
fft**jlllf 1/<C, USSs »J ^ >gfiH®K */ ij ^ >B 

jtttur, wsa^fR^aib&«jHi4«:W(p*t:iii2fflBffc 

^B«**fiTftC4**»4'S'*. tt#f 17*26 

<^^rn^^^<o^fb^^s©siti«g^So 
ft. ig*^ 1 7}mim>rt)^tca&z^{t&m 

ft C 4 K J: 9 . OK $ tlft fSSSftJBf b^Bsf?e<Z)»ffi.« 
&H9llf ftC4«:«*«fc4rft % lft*H8B*K>AH{fc& 

[ig*^i o ) 8«iaw«s#eub^89^. ^3^^, 

fcC 4*£8fc4Tft, IS**! I 7*S9<Ca*rtt*-tCffi 

[ig#jg! i j B«iswa#gfb*«?-^. \)~? 



(2) «H200 2-34 3 7 90 

2 

•y*aiiA, 7***7*1**- h - 
A. t>x**7 $ ✓ - V>&^^*> l><D^tritif>~ i k&U 
Ci*<J*4fft, f#*Jf|10IB3KOD^JSfk^Se<D 

;u 7 * * - -5 a v ? > * a i'? > *«a b t<$m 
zm<<\ rbn-i-x&t,'*) >r- bit&mm&t ft 

WMl3]HB«1lbMlfkM^. 

t'*A, XJltt^A, ***$A, ^^7Dt^^ 7" 

7 * o ju<d s>e j < o a $ * - h f t£fc*ger c 
4*4»4fft. Mttfl OGIM^fteMmofll 

[is*® 1 4 j ig*f 1 1 3 w»rn^-©*ft4 

y-h««*sMW&C*««4-r«, M 
OS h^v^^cDtBfefrjfe. 

[»*flf 1 5 ] IS*3g 1 1 3 w*rn^-o*ft«r 
20 J8<r»*c, ^SB«JSKlffltr»ft^<yrR*«B , S'4C4«: 
4$A4T ft, *«#»iS©aS*fc 

[ig*j§! e j g?is^M7g^ gri2^a^jgfb^»j^ 

*44 bXr *^7 5 s*#l>imi>* ^vl> 

C*. «9y«^«JIIWl/ 1 CfUtdft«Ta NMti 
C4^«^4Tft, tt«|l5^4^«)» 

[!g*^ 1 7 J lg*3P IT^^i 3 <X*r*tf^*S«: 
30 SC^ C, *t^"t^sS«JW8«:.«BI'rftC: 4*4**4 
fft. DRAM©«i6*tt* 

[ 0 0 0 1 ] 

^tS^S*S^^4«<*:^g^*iS^Stcra 1/ . the, 
fi«jff(fcftXi*^HSfk«8tt«:iiR-i L B»*c:«g|'rfta 

g«'s?3i*^<:p5Tfto 
[ 0 0 0 2] 

40 [f&fcottfff 1 ««(ta?fe^8!EK (LSI) <D 

tt<fc < a>9xM-Rij(W43MiL $ I H&b 
<^>SRi&fSia4^^trc*ft # ««C, MOSMffttKh 
7>^A^o^-htcfi6ffl3nfty- hWIWctt, (S 
^'J-^^SfeC'^, i5i«E4]5UflW«i, g^CC^7- 

tt^*»^nft. cft*-c«, ^tcs io 2 ^C'^sk 
36*y-HMW4orttffl3nrto9. MBil«:J:ft4i 

S4 UtTfflSi*SEC V DstC J: »i # 'J u »J r? >«S^s 
50 it^^nfto 
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[0 0 0 3 ] t/*L/&*6. Y-mMfc**- 

o . h BBBoftMfkfc J: *j h y — ****** 
*>tva-&. cfti*> y-*«B*ttrr*feaMcB» 

M®ti^ttBB*fe<ttBl/'C<>. tfc&K*®£t»B 

s i o, m (tmm&4 > ccfsst/fc 
[0 00 4] ctibftBtMBii, ^'j2>i^^ 

Zr 0 2 8£> HfOiS. hhW7^$s<( K*tcK 

cE>Kfbfh&£ , ovA#ttH8nr^« <ba«. h. 

J. Osten, i EDM**^***^** h20 

0 0. 6 5 3^-<>> e COD^T'A 1 * 0 3 Bi*. 

6. A ! 2 Oa BOttBRtttttl 0 4 V 

1 *fc», J: »J ItBB**)**, » 2 r O, < f kM«* 2 5 ) 
B*Hf O s B <tt&£*30} t $>U>\tyl>fi/<{ 

h. *fctt, A 1 2 Os H4>(CZ r««l'UH f 

l/fc7Jl$*- hit, $&l»l£S ■ O* *KZr4>l/< 

«Hf &imvtct'*)>r- hmbmsmnxi,** m 

jttf. L. Ma ii chart da, ! E DMr i?z-t))\,V 
<f£>x*h2 000» 2 3^-S>> ♦ 
[0 00 5]-*, H6B««>*«JCfc^-C«, B 

B®9x; wBi*i£Mi#&»t;iff'C* o , Pfl*i*, 

tt. iBrt-CtO. 0 5nmUiTCJbft. JJSttMW*' 

BG>BBfk«e. ft^nAtttfll <CVD : C h em r 
cal Vapor Deposition) 

yo«*»a*6*^*3Wiii[*PM^ <al 

D; At omicLayer Deposition) 

■US-^A (TMA) t*£Q>$mm, ZrO, fcJ: 
O'H f O 2 mtttf bMHM 6* t 4>£EJHtt 6f? 5£t 

[ 0 0 0 6 ] 

tc£*>ic, stim+mmj&cj; o z r *>h tomtm 
ztemtzms*** vmxxtuxisiii&i&mvztc 



(3) 4SPI2 0 0 2-3 43 7 90 

4 

[ 0 0 0 7 ] ±HH£tES*r& 3 tlfei 

itt<, 2rfcl<liHf®BfkB*£fkB, 

[ o o o a ] 

«>. ^jmofttBttftrat*, ««±«:jiR^jact(cft 
hi. 

[0 00 9] *^tCfev^Cii, meBHR^^MQ 

[o 0 1 0 ] sfc, sna^Rfk^ft 

30 w!SC'ltfSccr«0, Rlfi*|*!CS>*»E*l0" - Pa« 

T^m#o, * ^ wa^Rf k^ t <omm&* mm 

[0 0 12] *#W«:*«p*rtt. Ha>KLt 

3 > s^®^: ^ y ^ >Kf mxitf y >*f kB*^ 

Bl/teft, B-CDBBrt-Ci!Bl.r. BGWBARfkd 

^m^^^^^^ia^fk^^a^^T^^i^ 

[0 0 1 3 ] Sfc, *jaB(cfcl»r«. BE&Bft^Mi 
SW*, BBaMftRfkd4li«Bft(/teBM«:ffl^r 
griE^«&S(k^^m>s^t«:^r&c 
so JttB2n«BBttRfk«tt»|te>Maa«H 
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1 0 0 14] $tc> *JWKC*K.T:tt. glBW«£Bffc 
[0 0 15] *fc. *£9i<Z>MOS h*>S>A»®Ha 
[ 0 0 16] *fc, *^K©iS^*gS^S3ii*4li, 
Sfb S&DS44 f ^ 1>pT * ,<U 7 5 ✓ * $ l> * M 

[0 0 17] Sfc, iRftWCDDRAMCWHjt^tttt, ± 

T44><z>r&4. 

[ 0 0 18] CO* }K. *JHI!tt. ttfMMMMRcc 
Kit «^r««fcWIIlM*»l'*C II* 

iWiWbb < «S{fc«4 t,tW*4C4lCJfc9. *4 

B®£t?JS £ 4 CDSttm «if^c 
[ 0 0 19] 

0 *C WT'DSWr % C\ Mfr 4 9 s>* 4 t£ECCRM 1/ -C 
*4«:*BftSa«: t MI*fc**JB^ttl*C 4fc , 
jWHi©iwit*rtr 4 c 4^r* 4 0 

[ 0 0 2 0 ] SfS±(CVRASMRtt«lfaf 1/ 

0. Sfi±tC«S0t:^4^fg»H«:Kffcl/r»*«:» 

* o . \m%^£<oiifa&umA<mMV 4 v 4 
4«:»/«sn4. 

[ 0 0 2 1] <t 4(5, «4MIBt l &ltT4 0I^gC4 J 

,'Uc4d^ri&fDKs$ny-c^ta^m4r^3n4ii 



(4) 1^20 0 2-3 43 7 90 

5 

CifcSSt/. «S$n4«»ftBSlMO^**tt:j:4 

7 i> * MS ^ ^ XiSSES* 4 gS&>?t£ 7 )l 

O. N 2 OXttNOt *a&N0*tf**fe^3n4 
?£>ftJk**KT4>04'r 4. 
[0022] 

JIE^ B*«M®W«B'C*4o 1 tt, K 9 ^ # 

«ETCCfe*>tl4o C<»4*, ^-*JHMtlil 0" 5 
P a «TC* D . »W©*fl>»Ett*K 1 0 " - P a 

an. ^^^ug^en 4 JiiT4C4occfcO^^^^ 

*Jt> MfiJRHS rt4o 9 1> * JljKCCtt . Silt t 7' 1 0 

20 o^i<>^8^S9$n4o 

[ 0 0 2 3] ifBHaKC***?, *MAJRIRIla%0 
2iiD<^>**C*te$n4. *<^>-o« t iftftoMtt 

>hu-76. *5J:t>'«±^.'Uyi Otftaifetl-CC* 

30 *«Br«, «f*^y>yi2 4, ai**ftiEO'Cj£?ft 

?6tc$XD^ 'J ^ A^7'A#>^< 1 3 . 

>hn-^l 1. affcB9. fcAtfltfjt^^yi OaWi 

A6tir^4, W»klJ:93¥JS4«SKii*«>f,ti4« 

JBE*«l *«tt(C ii^ftS t * 4»*<&*&#SJS $ 

#sivt:*mj. s 4 S3iit-^2r'SaiB$n4. 
[ 0 024] lu/^mo^m^m^m&^m^xm 

^A(Hf (OtBu) { ) «rS^C, ^(L&l^iiSfc 

*fc. j««tt*iortt. Sfis«3oo*c4u. <-n 

•eftfiDPjHaE* 1 0 OPaiU *<DK8*SB*5 

[ 0 0 2 5 ] ±i2-fr&T'f£S(./fciisS£02 CC^To H 
2«. l^^SOCMRHlRjHIvn^ 
50 0CC^fR«^4Cf^^bTfe0. 
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tut. * - *s * » - y v * * Ka*K±KB*» w*r 

vto, *£EJM>3<&nra&ft4*4*B£ 
* ? h -5 * - ,»L> «rSft^ fc 0 7&<D£g»3MS&m 

[ o o 2 6 ] * c x\ -msmvit. ntu <./c£g£ 

rttftSifittf ^ c 4«*»4 or^*o «t«:*»b 

[ 0 0 2 7] [*BM 1 ] M\ *%9M>» 1 ©*B« 
fcft*SttWB#ttic- , *r»-c 1 037b£B7 *#bot 

[ 0 0 2 8 ] ; v? ~ •? ACSMfttCli* * y - h * 
>>./^~£A (Hf (OtBu) 1 ) £S^CC>& 0 

«>i i\ixiWT<Dm&\mzj&f&L<tc. mzttxzso 

! K BA 1/ fe. >-W«-^h* f KG>)HM£Ett 1 
0 0 P a T?£ 0 . Bt*? t>* JM*, KS»E ! P a r ! 

oox;*niD*i/feaK:. ■h-bs^*^*^* 30 

[ 0 0 2 9] 1 1M > iU*fc ♦) 0>JRHlfSMKM£ 1 V<t 

£«Hfi^iSfpRSi/r<r^c: 4^fe^* D c 
BBMttii'-cKra e&KBBBf bttMniRittr* 

*C4*^&^4&-*fc, 

[ 0 0 3 0 ] klzmm^W&Q>&r £04 CrMS 1/ X 40 
MBTfi. ST. 04 <a> tctot^C. t/«a>«El 
4±(C5^*iHKfk«:j:->-cvy *yfflmi stBj* 
0*$, <!>> K^nf J:$fc, fVs^BfUll &±£ 
W«£BKDf4l 6££*MS§S1*4. CC>4*. 

t*W 1 6fl>s**-*<Dii4** 0 ( c > 

£5l'C, *m*<D^&&X'&&mm?i>i7)\, I 7 
&B 1 8 * 1 BKflW*. CC>4 * . 1 BoBBttBfU 



^2002-343790 
rtt 1 BMHTOittltift*. * l/C, ( b > , 

[0 03 1 ] *fc % **ttfflto*a-C«.««cc*«:ttH 
U«c 1 rt©*3Et*SK: 1 0 ■ 4 PaK 

r*c4#r*fc. «fe. BDHiRMtttcanwR&im 
*b i/c t * i><ox\ v >i> t mwrnnxm?* c 

[0032J* utr, *«lWBto*fc-Cli, KfllC <b 

*ff»t:Afiwcr* c t^-cs % 4 0 im * ^SESSM 

0 fcMB 3 n m <D>\ 7 ~ * AMI tJSfD 8 A > * •> xrt 
TOBSW^^, ±0. OSiimtlrttctOi^^C 

[0033] «£fe, SS^ V «4 3 5 0 *Ch£lf4 0 0 *C 
(CKiirRHWBHmtttT^ fctM, ±EM«T« 

5 b tc, fifig*3 0 0 - CWT0>BWCtt, 

fig±^tc#^*clSS^^^^:*8*irr^^. 3 0 

0 *C5:^tC l/*C BBjUtVftBCCBfO U X t » *. C n 

it. i/ fcKH#ai 0 < m a»jg u bx ^ t>* *iwr 

C*ttJBt?*>a?fc©C V DSlte J:ftOOWifTT«ft» 
[ 0 0 3 4 ] S fc % & <DWftC tort ««UMI&% VfS 

tii t a* ;b * - * ^ , miautffii&c z> 3 o o xeiT© 
Bwt?w. BasnABBr^u^T^ttBrAO, - 

»L/^i5^KRlS*f*^ 3 0 0*O5U:«!>BWr 
J*. ^Btttt-C*&C££Bffl/C<f>& 0 CCDtt*^ 

*SQl»**BS*l*B^7*Jl/7T^ttB4fe*ffl*; 
Jll*«ccj*»BftBBttt br * - ^ + y h *s/ • 
,m ^ i 0 JU ^ffic »*B^«: 3 0 0 XWT 4 r * C 4 
g$U*C4^^-?fc # 

[0035] ae^^nfJ:^^. "<K^^>gs 
^fty^tc J: 0 B4>0>T|IBNBB<:MC^ fc 4C-S, M 
B»tKB4BBffB(C»<ff&U 1 Bft^^^«RM 
1/fcB <B«>efl> GfllBNXWi. **jRMUfc<>«[> 

(B^£M) «:lt^t:«* , r&c4^w&^tca->fco 
c ©J; 9 tc , *(c« A rBB ^ i^** t«wr * c 4 tc 

J:0. W*SW*«»T4C4#-CS % ±12^*1? 

*BKW»W«C4^'C** # 
[ 0 03 61 C ftXML*B 7 ^ftHl/'CaW-r *• KH 7 

1 o 2 Kitt»u&BB«c*Jrt*«sw*tt {y->«tt) 
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[0037] C£T\ B?tf\ T^-iMrlrOlfii'CO 
*C 4(C J: VCWC y C t&X'Z 

*tT$tfa*W«f*w>. 
[ 0 0 3 6] 44a, JJS#£rj|USbfc&JS(td1M«t 

B®nm&*v$&&tc#>* xi*. v-a- ku^> 
tt<xt>v- *@sfc£iE#?r &c i^r- 

[0039] 44a, WfcftHlfc^^Or*-*'* 1 ;- 

^(Hf (Acac)i). >:>x*;U7^ 

A {Hf (NEt? } * ) £fBl*fcWS<c<>HiMD^ 

*W6n, w$#g)if4£ or * - v + y h * ■ t> 

x**7 S / • ^•l>2:^A£JlCtfc*S'&l*, i>*3i 
«5 AKfUltKi 1 ! C t fcftfiti?* 4 C i «rlHBl,fe 0 
[ 0 0 4 0 ] 1mfcfllV9nUtc^?i>t?>W>tK 
foOfc, ttR^»«^tt7>'e^7^6^Stffctt 

*fc. NO, N, OXi*N0 2 «atrNOX^4alS£ 
[ 0 0 4 1] (Sfe^2 ] »«l t *£W<DM2©*|fefl 

^%^%^m^^^xtmr *. &*, *2o>* 

tefll**, 5 > * / -i K*5c*cc*«i»0j*jaffl Ufcflte 

[0 0 4 2] »20>^tmX'\ts *Sf;<0 

t <DPM> (La (C, . H. * Oz > 

3 } fcjEttK/BWco 9>*>G>DPMi*tt*ca«E> 

»*t?*9, CtKrBW^jUJJttO. hnol/Lf 
*&?bfc*g?££0. 1 £f/m . n^^f-aftS^f, 

2 o o vw±ici$m<tc®^&mucfmg. i fj£*a 
btc. ?>$i>dp Mmmmt 1 0 0 P a XZ> 0 , 

Att. B»»E1 Pat?l 0W!>SA*6pfti 
l/C&£$1ifc # S&3K&, 8 4 'J 3 
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[ 0 0 4 3] §«££3 0 C)'CZX'J1i)®Utc'&K:. JKft 

s i a&Mfeflftc. -kzm'tchmcit^x. 

[ 0 0 4 4] 44o\ *|ltSfflKfc^4>, 3 5 0*CK± 

>OMIUII* 1 0 5 0 XwoiWaJBcc J: D ±&e>* L» U 
3>£KJS?*C*t*&<. *ffct*g6n^>->?to ^ 

A. t'A7D^^, ^^TZ^^^A^'DPMik^^r 
20 jB^^C*>H«©a^3!)«6tlfco 

[0045] ^/c, -^5SP]T'^(./^ci^7^^f^ 
fc>0K, MS^*4C*i*7>*^7^6S^1*fcM 
**t>*A, NO, N 2 OXttNOa **€rNO*#A 

tc. 

1 0 0 4 6] (*&fl3 ] xtc, *^wo^r3 <&*te« 
ttft*aSW8«**<c^»X, B8RC«|9*#IBi/t: 
30 »WT4. B8i*, *jRWXI«**i>*^JW*«:j:^ 

[0047] HWKh U-***T/U5X0A (TMA> 
*«tr», tt«3«:i*Ac^ttHiiaitti^ B4z>?v>u 
y a>«Lh«c*6^D» 1 n in«T«'3»KfUSite.« 

y > *JUT A S x 0 A<DH«»El* 1 0 0 P a t?A«3 , 
40 BHR'J^.'U*. K^»S 1 P a V 1 0 W0>«*«:eplJD 

[ 0 0 4 8] £«S£3 0 0 V£ VtmotcfciC . WW 
- MR 5 ^ & l * ^ JUK xHtc 4 0 BPJH l/^c i C 

BHSM 0 fc 4 C -S , h U j* 9 A 7 A 5 x -5 A rBilWK 
li^P4 1 0 7SS 1 5fMSLbt?J3t»3f«P*»tac l/fc. 

[ o 049] jumtemwcm i aow2«« 
so KiW-ctt, *!B«r'{*tt«»#i*ac3«r^c[>«:«o % 
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I- |J ji *)\,T* 5 ^ $ A?tt*)HN?t*ffftttKB*« 

[0050] . h U^^TJlSi'SAft 

BHfttMglfftoCftr*. frrMWfl^UCfcO > 
tor*«ra»6CVD806*l»-jr^*t*il6ft*. - 

**C4i!W**4#<c. BeirfcBBMccEMt/fcJ: 

[0 05 1 ] £®M*B9**JRU'CHB'S'«. B9 
it. ^ftffi^B««fiS€:ffiC*r^*OfeA !, 0*0 
S i 0 2 (cB£U£Brefctt6«g(tttt <y-*ft 
tt) *5Wfc©-C**), *«lWUTJ[W^fcffi*tf* 

o^stt, MB®BBtt®»tt&r. nfuR&t/cott 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A raw material which is a gaseous phase deposition method which deposits a 
metallic-compounds thin film for every atomic layer on a substrate, and consists of organic 
metallic compounds, A gaseous phase deposition method of a metallic-compounds thin film 
irradiating with said raw material and said radical by turns, and depositing a metallic- 
compounds thin film to an atomic layer order using an oxidizer or a nitriding agent which 
consists of a mixed radical of an oxygen radical, nitrogen radicals or oxygen, and nitrogen. 
[Claim 2]A gaseous phase deposition method of the metallic-compounds thin film according to 
claim 1 which generating said oxygen radical from oxygen gas, generating said nitrogen 
radicals from nitrogen gas or ammonia gas, and generating from NO system gas by which said 
mixed radical contains NO, N 2 0, or N0 2 - 

[Claim 3]A gaseous phase deposition method of the metallic-compounds thin film according to 

claim 1 or 2 which holds moisture pressure in a reaction chamber below to lO^Pa, and is 
characterized by inhibiting gaseous phase reaction of water and an organic metallic compound . 
when depositing said metallic-compounds thin film. 

[Claim 4]A gaseous phase deposition method of the metallic-compounds thin film according to 
any one of claims 1 to 3 setting substrate temperature as temperature which an autolysis of 
said organometallic compound material does not generate when depositing said metallic- 
compounds thin film. 

[Claim 5]A gaseous phase deposition method of the metallic-compounds thin film according to 
claim 4 setting said substrate temperature as a temperature requirement which said metallic- 
compounds thin film deposits in an amorphous state. 

[Claim 6]A gaseous phase deposition method of the metallic-compounds thin film according to 
claim 5 characterized by setting said substrate temperature as a 300 ** temperature 
requirement from ordinary temperature when using tertiary butoxyhafnium as said 
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organometallic compound material. 

[Claim 7]After irradiating with an oxygen radical or nitrogen radicals on a silicon substrate and 
forming silicon oxide or a silicon nitride film in said silicon substrate surface, it continues within 
the same device, A gaseous phase deposition method of the metallic-compounds thin film 
according to any one of claims 1 to 6 depositing said metallic-compounds thin film using said 
organometallic compound material. 

[Claim 8]A gaseous phase deposition method of the metallic-compounds thin film according to 
any one of claims 1 to 7 forming said metallic-compounds thin film using a raw material which 
mixed two or more organic metallic compounds. 

[Claim 9]A gaseous phase deposition method of the metallic-compounds thin film according to 
claim 8 controlling film composition of said metallic-compounds thin film formed by changing 
the mixture ratio of said organometallic compound material. 

[Claim 10]A gaseous phase deposition method of the metallic-compounds thin film according 
to any one of claims 1 to 9, wherein said organic metallic compound contains either a 
zirconium, hafnium or a lanthanoids compound. 

[Claim 11]Said organic metallic compound Tertiary BUTOKI hafnium, acetylacetonate hafnium, 
A gaseous phase deposition method of the metallic-compounds thin film according to claim 10 
containing any 1 of diethylamino hafnium, a tertiary BUTOKI zirconium, an acetylacetonate 
zirconium, and the diethylamino zirconiums. 

[Claim 12]A gaseous phase deposition method of the metallic-compounds thin film according 

to claim 1 1 depositing aluminate or a silicate compound on said organic metallic compound 

further using a raw material which mixed trimethylaluminum or a tetramethylsilane. 

[Claim 13]A gaseous phase deposition method of the metallic-compounds thin film according 

to claim 10, wherein said organic metallic compound contains a lantern, a terbium, erbium, 

holmium, dysprosium, and a dipivaloyl meta-NETO compound of PURASEOJIUMU. 

[Claim 14]A manufacturing method of a MOS transistor characterized by forming gate dielectric 

film using any 1 method of claims 1 thru/or 13. 

[Claim 15]A manufacturing method of a semiconductor device forming a barrier layer used for 

a multilayer interconnection layer using any 1 method of claims 1 thru/or 13. 

[Claim 16]TiN formed by said barrier layer irradiating with nitrogen radicals, using tetra 

dimethylamino titanium as said organometallic compound material, Or a manufacturing method 

of the semiconductor device according to claim 15 consisting of TaN formed by irradiating with 

nitrogen radicals using penta dimethylamino tantalum as said organometallic compound 

material. 

[Claim 17]A manufacturing method of DRAM characterized by forming a capacitor capacity 
insulation film using any 1 method of claims 1 thru/or 13. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]Especially this invention relates to the manufacturing method of the 
semiconductor device which deposits an insulator layer by the gaseous phase deposition 
method and this method of depositing a metallic oxide or a metal nitride thin film for every 
atomic layer about the gaseous phase deposition method of a metallic-compounds thin film, 
and the manufacturing method of a semiconductor device. 
[0002] 

[Description of the Prior Art]ln recent years, it has been an important technical problem on LSI 
manufacture by the rise of the degree of location of a semiconductor ultra-large scale 
integrated circuit (LSI) how various kinds of thin films are formed with sufficient reliability and 
homogeneity on a silicon wafer. Especially the gate dielectric film used for the gate of a MOS 
type field effect transistor is asked for high reliability, high withstand pressure, and the 
homogeneity of thickness besides low leakage current. Until now, the insulator layer of a Si0 2 

system is mainly used as gate dielectric film, and the deposition by thermal oxidation is 
performed. On gate dielectric film, a polysilicon electrode usually accumulates with a vacuum 
CVD method as a gate electrode. 

[0003]However, gate dielectric film is thin-film-ized by 2 nm or less of thickness from the 
request of the scaling law in recent years, and the problem that gate leakage current increases 
by thin film-ization of gate dielectric film has arisen. Then, examination which newly introduces 
the metallic oxide whose specific inductive capacity is higher than Si0 2 is performed. In order 

for this to fall leakage current, even if it deposits the physical thickness of an insulator layer 
thickly, it is because effectual thickness when it converts into a Si0 2 film (specific inductive 

capacity 4) can be made small in the case of an insulator layer with high specific inductive 
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capacity. 

[0004]These metal insulator layer needs to be thermodynamically [ as silicon ] stable, 
Introduction of the oxide of aluminum 2 0 3 film, a Zr0 2 film, a Hf0 2 film, or a lanthanoid series 

element, etc. is considered from the viewpoint (for example, H.J.Osten, 2000 or 653 pages of 
IEDM technical digests). In this, since aluminum O film is used as an insulating material from 

the former, it is promising as first high dielectric constant film that replaces Si0 2 . However, 

since the specific inductive capacity of aluminum 2 0 3 film is not so so high as about 10, a Zr0 2 

(specific inductive capacity 25) film and a Hf0 2 film (specific inductive capacity 30) with higher 

specific inductive capacity, or the lanthanoid series insulator layer is further examined as the 
next generation's material. Or the aluminate film which added Zr or Hf in aluminum 2 0 3 film, Or 

promising ** also of the silicate film which added Zr or Hf in Si0 2 is carried out (for example, 

LManchanda, 2000 or 23 pages of IEDM technical digests). 

[0005]On the other hand, in deposition of gate dielectric film, the homogeneity within a wafer 
surface of thickness is very important, for example, the thickness uniformity demanded when 
depositing the gate dielectric film of 1.5 nm of conversion thickness on an 8-inch silicon wafer 
is less than **0.05 nm in a field. Although various techniques, such as thermal oxidation 
processing after reactive sputtering and metal sputters and chemical gaseous phase 
deposition (CVD:Chemical Vapor Deposition), are used for deposition of the above-mentioned 
high permittivity gate dielectric film, Since very good thickness uniformity is acquired in a 
silicon wafer side, the gaseous phase atomic-layer-deposition method (ALD:AtomicLayer 
Deposition) deposited while accumulating one atomic layer of especially metal insulator layers 
at a time attracts attention as a leading deposition method. In order to carry out the gaseous 
phase deposition of the metallic oxide film for every atomic layer by a gaseous phase atomic- 
layer-deposition method, for example by aluminum 2 0 3 film, it is attained by performing a 

mutual exposure with a chloride raw material and water at a mutual exposure with 
trimethylaluminum (TMA) and water, Zr0 2 , and Hf0 2 . 

[0006] 

[Problem(s) to be Solved by the lnvention]However, in order to use a chloride as material gas 
when depositing Zr and the oxide film of Hf by a gaseous phase atomic-layer-deposition 
method as described above, into the oxide film after membrane formation, the chlorine 
contained in material gas remained and the fall of the remarkable reliability in the 
manufacturing process of a subsequent semiconductor was caused. Also when introducing the 
aluminate film and silicate film of Zr or Hf, in order to use a chloride for a raw material, it had 
the problem of the same chlorine remains. Or when introducing a lanthanoid series element, 
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since a chloride raw material was a solid primarily, it was difficult [ it ] to perform gaseous 
phase deposition. 

[0007]This invention is made in view of the above-mentioned problem, and the main purpose, 
Without using a chloride raw material Zr, or the oxide film and nitride of Hf, Or it is in providing 
the gaseous phase deposition method which can deposit the aluminate film containing them 
and a silicate film, or the oxide film and nitride of a lanthanoid series element on a substrate in 
membraneous quality uniform by a gaseous phase atomic-layer-deposition method, and good, 
and the manufacturing method of a semiconductor device. 
[0008] 

[Means for Solving the ProblemJIn order to attain the above-mentioned purpose, a gaseous 
phase deposition method of this invention, A raw material which is a gaseous phase deposition 
method which deposits a metallic-compounds thin film for every atomic layer on a substrate, 
and consists of organic metallic compounds, Using an oxidizer or a nitriding agent which 
consists of a mixed radical of an oxygen radical, nitrogen radicals or oxygen, and nitrogen, it 
irradiates with said raw material and said radical by turns, and a metallic-compounds thin film 
is deposited to an atomic layer order. 

[0009]ln this invention, it is preferred that said oxygen radical is generated from oxygen gas, 
said nitrogen radicals are generated from nitrogen gas or ammonia gas, and said mixed radical 
is generated from NO system gas containing NO, N 2 0, or N0 2 - 

[0010]ln this invention, it is preferred to hold moisture pressure in a reaction chamber below to 

-4 

1 0 Pa, and to inhibit gaseous phase reaction of water and an organic metallic compound 
when depositing said metallic-compounds thin film. 

[001 1]ln this invention, when depositing said metallic-compounds thin film, substrate 
temperature, A temperature requirement on which it is preferred to set it as temperature which 
an autolysis of said organometallic compound material does not generate, and said metallic- 
compounds thin film deposits said substrate temperature in an amorphous state, Or when 
using tertiary butoxyhafnium as said organometallic compound material, said substrate 
temperature can be considered as composition set as a 300 ** temperature requirement from 
ordinary temperature. 

[0012]ln this invention, it irradiates with an oxygen radical or nitrogen radicals on a silicon 
substrate, After forming silicon oxide or a silicon nitride film in said silicon substrate surface, it 
can also have composition which deposits said metallic-compounds thin film continuously 
using said organometallic compound material within the same device. 
[0013]ln this invention, it can have composition which controls film composition of said 
metallic-compounds thin film formed by forming said metallic-compounds thin film using a raw 
material which mixed two or more organic metallic compounds, and changing the mixture ratio 
of said organometallic compound material. 
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[0014]ln this invention, it is preferred that said organic metallic compound contains either a 
zirconium, hafnium or a lanthanoids compound. 

[001 5]A manufacturing method of a MOS transistor of this invention forms gate dielectric film 
using the above-mentioned gaseous phase deposition method. 

[0016]The above-mentioned gaseous phase deposition method is used for a manufacturing 
method of a semiconductor device of this invention, Form a barrier layer used for a multilayer 
interconnection layer, and said barrier layer, Nitrogen radicals can be considered as 
composition which consists of TaN formed by glaring, using penta dimethylamino tantalum as 
TiN formed by irradiating with nitrogen radicals, or said organometallic compound material, 
using tetra dimethylamino titanium as said organometallic compound material. 
[001 7]A manufacturing method of DRAM of this invention forms a capacitor capacity insulation 
film using the above-mentioned gaseous phase deposition method. 

[0018]Thus, by replacing this invention with a raw material of a chloride system, and using an 
organic metal raw material for all, By replacing with water which can prevent remains of 
chlorine to inside of a film, and is used from the former, and using an oxygen radical and 
nitrogen radicals as an oxidizer or a nitriding agent, a reaction of water and an organic metal 
raw material is prevented, and gaseous phase deposition for every atomic layer of a metallic 
oxide or a nitride thin film is enabled. 
[0019] 

[Embodiment of the lnvention]ln the desirable 1 embodiment, the gaseous phase deposition 
method concerning this invention A zirconium, hafnium, Or the raw material which consists of 
organic metallic compounds, such as a lanthanoids compound, and an oxygen radical, Using 
the oxidizer or nitriding agent which consists of nitrogen radicals or a mixed radical of oxygen 

-4 

and nitrogen, below moisture pressure 10 Pa in a reaction chamber on conditions with a 
substrate temperature of 300 ** or less. By irradiating with a raw material and a radical by 
turns, depositing a metallic-compounds thin film for every atomic layer, not using a metal salt 
matter thing for a raw material, and not using water for an oxidizer, remains of chlorine to the 
inside of a film or carbon can be prevented, and the thin film of high-definition and high 
thickness uniformity can be formed. 

[0020]Namely, by irradiating with an organic metal raw material on a substrate, carrying out 
saturation adsorption, continuing, replacing with the water used as an oxidizer from the former, 
and irradiating with an oxygen radical, The deposition for every atomic layer is attained by 
oxidizing the organic metal which is adsorbing on a substrate, removing carbon, and repeating 
the procedure which forms the adsorption site of the following organic metal raw material 
simultaneously. If it replaces with an oxygen radical and nitrogen radicals are used, a metaled 
nitride will be formed for every atomic layer, and if the mixed radical of oxygen and nitrogen is 
used, a metaled acid nitride will be formed for every atomic layer. 
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[0021]With "every atomic layer" indicated on these specifications. Every film formed from the 
organic metal raw material by which saturation adsorption was carried out in not every 
monoatomic layer but each cycle in a strict meaning is meant, the thickness changes under the 
influence of the steric exclusion by the size of the organic metal raw material adsorbed, and 
thickness is considered in general that the value of one or less atomic layer is shown. An 
oxygen radical, nitrogen radicals, or the mixed radical of oxygen and nitrogen shall point out 
the radical respectively generated from NO system gas containing oxygen gas, nitrogen gas or 
ammonia gas, NO, N 2 0, or N0 2 . 

[0022] 

[Example]The above-mentioned embodiment of the invention is described with reference to 
drawing 1 and drawing 2 about the example of this invention that it should explain still in detail. 
Drawing 1 is a schematic diagram of the gaseous phase atomic-layer-deposition device used 
by this invention. The membrane formation room 1 is exhausted with the vacuum pumps 5, 
such as a dry pump and a drug molecular pump, and is put under decompression. At this time, 

a base degree of vacuum is below 10 Pa, and the partial pressure of the water in a device is 

always maintained below at lO^Pa. The device upper part is equipped with the radical source 
4, and the radical of oxygen or nitrogen is irradiated by impressing microwave. A radical 
source is equipped with the gas bomb 8 of oxygen or nitrogen via the sealing valve 10 and the 
massflow controller 6. 

[0023]ln this deposition apparatus, an organic metal raw material is supplied by two kinds of 
methods as follows. One of them is the method of heating the organic metal raw material of a 
fluid to a predetermined temperature, raising steam pressure, and introducing into a 
membrane formation room via a massflow controller. 

This device is equipped with the raw material cylinder 7 with a heating machine style, the 
massflow controller 6, and the sealing valve 10. 

Another method controls the volume of the organic metal raw material of a fluid by a fluid 
massflow controller. 

Then, it is the method of making evaporate a fluid with a vaporizer and supplying in a reaction 
chamber. 

In this device, it has the fluid cylinder 12, and the helium gas bomb 13 for pressurizing a fluid 
and sending the liquid, the fluid massflow controller 1 1 , the vaporizer 9 and the sealing valve 
10. When heating raises steam pressure easily, the method of the former which uses a 
massflow controller, and the method of the latter which uses a vaporizer for material with low 
steam pressure are applied. This device is equipped with the heater 2 for substrate heating, 
and the substrate 3 is heated with the heater 2. 

[0024]Although following each example described the example which formed various insulator 
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layers using the gaseous phase atomic-layer-deposition device of the above-mentioned 
structure, in advance of explanation of each example, first, only the raw material was replaced 
with the chloride raw material, and the insulator layer was formed by the technique using an 
organic metal raw material. Specifically tertiary butoxyhafnium {Hf(OtBu) 4 } was used for the 

organic metal raw material, conventional water was used for the oxidizer, it irradiated with both 
by turns, and atomic layer growth was tried. As a film formation condition, it was considered as 
the substrate temperature of 300 **, and each exposure partial pressure was 100 Pa, 
irradiation time of water was carried out and hafnium irradiation time was made into 10 to 30 
seconds for 5 seconds. 

[0025]The result of having formed membranes with the described method is shown in drawing 
2. Drawing 2 shows the relation between the raw material irradiation time per 1 cycle, and the 
deposited film thickness per 1 cycle. 

When the mutual exposure of tertiary butoxide and the water is carried out, thickness is going 
up with the increase in irradiation time, without being saturated. 

That is, this shows that the usual gaseous phase deposition reaction is advancing without 
tertiary butoxide carrying out saturation adsorption on a substrate. The more moisture pressure 
becomes small, the reaction of water and an organic metal raw material is inhibited, and, the 
more saturation adsorption takes place easily, but. Even if a hot wall is established or it uses a 
large-sized evacuation device, it is difficult to make moisture pressure small enough, and it 
replaces with a chloride raw material and every atomic layer cannot only be deposited by the 
technique using an organic metal raw material. 

[0026]So, in the invention in this application, it is characterized by replacing with the water 
which replaces with metal chloride as a raw material, and it not only uses an organic metal raw 
material, but is used from the former as an oxidizer, and performing a deposition reaction using 
an oxygen radical, nitrogen radicals, or the mixed radical of oxygen and nitrogen. The result of 
having actually deposited the insulator layer on below by the method of this invention is 
indicated. 

[0027][Example 1] The gaseous phase deposition method concerning the 1st example of this 
invention is first explained with reference to drawing 3 thru/or drawing 7 . The 1st example 
shows the example which deposited the oxide of hafnium for every atomic layer. 
[0028]Tertiary butoxyhafnium {Hf(OtBu) 4 ) is used for the raw material of hafnium. An oxidizing 

film of 1 nm or less was beforehand formed in the substrate 3 using an 8-inch silicon substrate. 
The raw material was heated at about 80 **, and it introduced into the membrane formation 
room 1 via the massflow controller 6. The exposure partial pressure of tertiary butoxide is 100 
Pa, and the oxygen radical impressed the electric power of 10W, and made it generate in 1 Pa 
of oxygen tension. And after heating to the substrate temperature of 300 *\ order called a raw 
material-oxygen radical was irradiated with 40 cycles by turns. 
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[0029]The relation between the raw material irradiation time per 1 cycle and the deposited film 
thickness per 1 cycle is shown in drawing 3 . It is about 5 seconds or more of irradiation time, 
and by carrying out the mutual exposure of an organic metal raw material and the oxygen 
radical shows that the organic metal raw material is carrying out saturation adsorption on a 
substrate so that drawing 3 may show. It became clear from this result for a metallic oxide to 
be deposited for every atomic layer using an organic metal raw material by using an oxygen 
radical for an oxidizer. 

[0030]The situation of the above-mentioned saturation adsorption reaction is explained with 
reference to drawing 4 . First, in drawing 4 (a), after forming the silicon oxide 15 by radical 
oxidation on the silicon substrate 14, as shown in (b), saturation adsorption of the organic 
metal raw material 16 is carried out on the silicon oxide 15. If the organic metal material 16 
does not autolyze at this time, the quantity of the organic metal material 16 adsorbed serves as 
a fixed value. Then, as shown in (c), it irradiates with the oxygen radical 17 which is a 
characterizing portion of this invention, the organic metal material which carried out saturation 
adsorption is oxidized, and 1 stratification of the metal oxide thin film 18 is carried out. At this 
time, the thickness of one layer serves as a value grade of one or less atomic layer in a strict 
meaning depending on the size of the organic metal material by which saturation adsorption is 
carried out. And the metal oxide thin film of desired thickness can be formed by repeating the 
process of (b) and (c) by turns. 

[0031 ]By the method of this example, since water was not used for membrane formation, the 

moisture pressure in the membrane formation room 1 is always maintained below at lO^Pa, 
and was able to inhibit the gaseous phase reaction of a raw material and water thoroughly. 
Since a raw material did not react to remains oxygen by the gaseous phase at the time of a 
raw material exposure and the radical was also thoroughly deactivated on the other hand, a 
raw material was not seen react to a radical by the gaseous phase, either. 
[0032]And since every atomic layer can be formed in the method of this example, 
Homogeneity within a field of thickness could be made very good, and dispersion in the 
thickness within the 8-inch wafer of the hafnium oxide film which is 3 nm of thickness which 
carried out 40 cycle mutual exposure was able to be suppressed within **0.05 nm. Since 
chlorine was not contained in a raw material, it made it possible to prevent the characteristic 
degradation in the subsequent process of originating in residual chlorine in a film. 
[0033]When substrate temperature was changed into 350 ** and 400 ** and the same 
deposition experiment was conducted, at the above-mentioned temperature, the intense 
autolysis of the raw material occurred and atomic layer growth was not able to be performed. 
This result is explained with reference to drawing 5 . Temperature increases the rate of 
sedimentation gently in connection with a rise in heat in a field 300 ** or less so that drawing 5 
may show, but the rate of sedimentation is increasing rapidly bordering on 300 **. This is for 
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growth by the usual CVD reaction to advance also in the situation in which the deposited raw 
material autolyzes violently and which does not have an oxygen radical. 
[0034]From the structure and activation energy of the film in each field, in the field 300 ** or 
less in which saturation adsorption takes place, the film formed is an amorphous state and it is 
checking that it is a polycrystalline state in the not less than 300 ** field by which an intense 
autolysis reaction is accompanied on the other hand. From this result, in order to have 
deposited every atomic layer by the method of this example, substrate temperature was 
understood that it is desirable to consider it as 300 ** or less, when tertiary butoxyhafnium was 
specifically used as an organic metal raw material, the temperature from which the film to 
deposit will be in an amorphous state, and. 

[0035]As shown in drawing 6 , when the amount of impurity carbon in a film was measured 
according to secondary ion mass spectrometry, a lot of carbon to the surface and a substrate 
interface existed, and it became clear to reduce the amount of carbon residue of the film (right- 
hand side of a figure) which irradiated with the oxygen radical compared with what irradiated 
with water (left-hand side of a figure). Thus, by replacing with water and using an oxygen 
radical, an impurity content can be reduced and leakage current can also be substantially 
controlled compared with what irradiated with water by the film formed with the described 
method. 

[0036]This effect is explained with reference to drawing 7 . Drawing 7 shows the electrical 
property (leakage characteristic) in the thickness converted into Si0 2 of HfC> 2 formed using the 

gaseous phase atomic-layer-deposition device. 

Compared with the conventional method which irradiated with and formed water, leakage 
current is reduced substantially, and it is shown that the method of this example is effective in 
raising not only the controllability of thickness but the performance as an insulator layer. 

[0037]Here, drawing 7 shows the leakage characteristic in the state without annealing. 
Although it is shown that membraneous quality is excellent also in the stage immediately after 
membrane formation, leakage current can be further reduced by performing annealing 
treatment. 

It is preferred to process about 10 minutes at the temperature of about 500-950 ** in a vacuum 
or nitrogen, oxygen, and a hydrogen atmosphere immediately after membrane formation as 
conditions for annealing, and the way a gaseous phase atomic-layer-deposition device 
performs annealing in a vacuum succeedingly after membrane formation is still more preferred. 

[0038]When manufacturing a device using the metallic-compounds thin film which formed 
membranes with the described method, in order to reduce the interface state density of gate 
dielectric film generally, Or in such a case, since annealing is given for source drain activation, 
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leakage current can be reduced even if it does not perform annealing treatment separately to 
the film which formed membranes by the method of this example. 

[0039]As an organic metallic compound, besides tertiary butoxide Acetylacetonate hafnium {Hf 
(Acac) 4 }, An effect the same as when diethylamino hafnium {Hf(NEt 2 ) 4 ) is used is acquired, 

When a tertiary BUTOKI zirconium, an acetylacetonate zirconium, and a diethylamino 
zirconium were used as an organic metal raw material, it checked that a zirconium oxidation 
film could be deposited for every atomic layer. 

[0040]By using the nitrogen radicals which made it generate from nitrogen gas or ammonia 
instead of the oxygen radical shown by this example, By using the mixed radical generated 
from NO system gas which the nitriding reaction of an organic metal can arise, and can deposit 
a metaled nitride for every atomic layer, and contains NO, N 2 0, or N0 2 , It checked that the 

acid nitriding reaction of an organic metal could arise and a metaled oxynitride could be 
deposited for every atomic layer. 

[0041][Example 2] Next, the gaseous phase deposition method concerning the 2nd example of 
this invention is explained. The 2nd example indicates the example which applied the invention 
in this application to the lanthanoid series element. 

[0042]ln the 2nd example, a dipivaloyl meta-NETO (DPM) lantern and {La(C_H, Q OJ A were 

used for the raw material. DPM of the lantern was white powder at the room temperature, 
made the solution which dissolved this by 0.1 mol / L into butyl acetate evaporate at a rate of 
0.1 g/min, and was introduced in the membrane formation room 1 through piping heated at not 
less than 200 **. The exposure partial pressure of lantern DPM is 100 Pa, and the oxygen 
radical impressed the electric power of 10W, and made it generate in 1 Pa of oxygen tension. 
What formed an oxidizing film of 1 nm or less beforehand on an 8-inch silicon substrate was 
used for the substrate 3. 

[0043]After heating to the substrate temperature of 300 **, when it irradiated order called a raw 
material-oxygen radical alternately 40 times and was made for 3 nm of thickness to deposit, 
like the 1st above mentioned example, saturation adsorption was caused in more than the raw 
material irradiation time 5 second per time, and it checked that the deposition for every atomic 
layer was possible. By realizing membrane formation for every atomic layer, homogeneity 
within a field of thickness could be made very good, and dispersion in the thickness within the 
8-inch wafer of the lantern oxide film which is 3 nm of thickness was able to be suppressed 
within **0.05 nm. Compared with the thing using water, the amount of carbon residue in a film 
was able to be reduced like the 1st example. 

[0044]ln this example, when substrate temperature was heated at not less than 350 **, the 
autolysis of the raw material arose and it was not able to grow up in every atomic layer. The 
insulator layer of the lantern did not react to upside polysilicon by 1050 ** heat treatment, and 
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degradation was not seen. The same effect was acquired even if it used a terbium, erbium, 
holmium, dysprosium, and the DPM compound of PURASEOJIUMU besides the lantern. 
[0045]By using the mixed radical generated from NO system gas containing the nitrogen 
radicals which made it generate from nitrogen gas or ammonia instead of, NO, N 2 0, or N0 2 , 

[ the oxygen radical shown by this example ] It checked that the nitriding reaction of an organic 
metal and an acid nitriding reaction could arise, and a metaled nitride or oxynitride could be 
deposited for every atomic layer. 

[0046][Example 3] Next, the gaseous phase deposition method concerning the 3rd example of 
this invention is explained with reference to drawing 8 and drawing 9 . Drawing 8 is a figure 
showing the saturation adsorption property at the time of forming aluminum 2 0 3 film by a water 

exposure or oxygen radical exposure. 

Drawing 9 is a figure showing the electrical property of aluminum 2 0 3 in a water exposure and 
an oxygen radical exposure. 

[0047]Trimethylaluminum (TMA) was used for the raw material and the substrate which formed 
an oxidizing film of 1 nm or less beforehand on an 8-inch silicon substrate was used for the 
substrate 3 like other examples. The raw material was heated at about 80 **, and it introduced 
into the membrane formation room 1 via the massflow controller 6. The exposure partial 
pressure of trimethylaluminum is 100 Pa, and the oxygen radical impressed the electric power 
of 10W, and made it generate in 1 Pa of oxygen tension. 

[0048]After heating to the substrate temperature of 300 **, when order called a raw material- 
oxygen radical was irradiated 40 times by turns, it turned out like the 1st and 2nd examples 
that saturation adsorption is caused in more than raw material irradiation time 5 second, and 
the deposition for every atomic layer was enabled. On the other hand, when order called raw 
material-water was irradiated 40 times by turns, by trimethylaluminum, saturation adsorption 
was mostly caused in the raw material irradiation time 10 thru/or 15 seconds or more. 
[0049]ln the 1st and 2nd examples using a hafnium material. That saturation adsorption takes 
place mostly by water exposure in trimethylaluminum to not causing saturation adsorption in a 
water exposure, It is based on the difference of the reactivity of a raw material, and since the 
reactivity to water is small compared with a hafnium material, trimethylaluminum is considered 
because the usual CVD reaction is inhibited. 

[0050]However, when using trimethylaluminum, as shown in drawing 8 , by water exposure, 
with the increase in feeding time ability, thickness is increasing somewhat and it is thought that 
it is slightly accompanied by the CVD reaction. On the other hand, clear saturation adsorption 
property is shown, and can control the thickness of the metal oxide thin film deposited more 
strictly by radical exposure, and. Since it has a function in which radical oxygen removes 
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carbon in an organic metal as indicated in the above mentioned example, compared with the 
film formed by the water exposure, an electrical property can be made good. Therefore, also in 
membrane formation of aluminum 2 0 3 , it can be said that the direction of a radical exposure is 

excellent. 

[0051]This effect is explained with reference to drawing 9 . Drawing 9 shows the electrical 
property (leakage characteristic) in the thickness converted into Si0 2 of aluminum 2 0 3 formed 

using the gaseous phase atomic-layer-deposition device. 

It is shown that leakage current is substantially reduced compared with the conventional 
method which irradiated with and formed water, and the method of this example is effective in 
raising not only the controllability of thickness but the performance as an insulator layer. 

[0052]Thus, even if it uses water, also about membrane formation of aluminum 2 0 3 in which 

saturation adsorption is almost possible, by using an oxygen radical, the controllability of 
thickness can be raised and membranous leakage current can be reduced according to the 
removing effect of carbon by an oxygen radical. It is the same as that of the above mentioned 
example that it can replace with an oxygen radical and nitrogen radicals or the mixed radical of 
oxygen and nitrogen can be used. 

[0053][Example 4] Next, the gaseous phase deposition method concerning the 3rd example of 
this invention is explained with reference to drawing 10 . Drawing 10 is a figure showing the 
relation between trimethylaluminum (TMA), and the mixture ratio and film composition at the 
time of mixing tertiary butoxyhafnium. The 4th example shows the example which deposited 
hafnium aluminate. 

[0054]Trimethylaluminum and tertiary butoxyhafnium were used for the raw material, and both 
were mixed and deposited. The substrate which formed an oxidizing film of 1 nm or less 
beforehand on an 8-inch silicon substrate was used for the substrate 3 like other examples. 
The exposure partial pressure of an organic metal raw material shall be 100 Pa in total, and 
the oxygen radical impressed the electric power of 10W, and made it generate in 1 Pa of 
oxygen tension. 

[0055]After heating to the substrate temperature of 300 **, when order called a raw material- 
oxygen radical was irradiated 40 times by turns, it turned out like the 1st thru/or the 3rd 
example that saturation adsorption is caused in more than raw material irradiation time 5 
second, and the deposition for every atomic layer was enabled. In this example, when 
substrate temperature was heated at not less than 350 **, the autolysis of the raw material 
arose and it was not able to grow up in every atomic layer. 

[0056]Next, the presentation change to the flow rate of a raw material is shown in drawing 10 . 
By changing both mixture ratio, the presentation changed continuously from aluminum O to 
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Hf0 2 - In connection with it, membranous specific inductive capacity also changed from the 

value 9 of aluminum 2 0 3 linearly to the value 30 of Hf0 2 . In the insulator layer of 50% or less of 

hafnium content, after 1050 ** heat treatment did not cause crystallization, it did not react to 
the upside polysilicon electrode further, and degradation was not seen. 
[0057]As a hafnium material, also when acetylacetonate hafnium {Hf(Acac) 4 ) and 

diethylamino hafnium {Hf(NEt 2 ) 4 ) were used besides tertiary butoxide, it checked that the 

same effect was acquired. When a tertiary BUTOKI zirconium, an acetylacetonate zirconium, 
and a diethylamino zirconium were used as an organic metal raw material, it checked that a 
zirconium aluminate film could be deposited for every atomic layer. It checked that silicate 
containing hafnium or a zirconium could also be formed by replacing with the 
trimethylaluminum used by this example, and using a tetramethylsilane. 
[0058][Example 5] Next, the gaseous phase deposition method concerning the 5th example of 
this invention is explained. The 5th example shows the example which carried out continuation 
membrane formation of silicon oxide and the metallic-oxide insulator layer on a ground silicon 
substrate. 

[0059]First, after fluoric acid dipping treatment removed the natural oxidation film, the silicon 
substrate was introduced in the device, the oxygen radical was generated for 5 seconds with 
the substrate temperature of 400 **, 1 Pa of oxygen tension, and 10 W of electric power, and 
oxidation treatment of the ground silicon substrate was performed. This formed 1 nm or less of 
silicon oxide. Then, with the technique of having cooled to 300 ** and having indicated 
substrate temperature in the above mentioned 1st thru/or the 4th example, and the same 
technique, the mutual exposure of an organic metal raw material and an oxygen radical was 
performed 40 times, and silicon oxide and a metallic-oxide insulator layer were deposited 
continuously. When this cascade screen was investigated by secondary ion mass 
spectrometry, the amount of carbon residue of silicon oxide and a metal insulator layer 
interface could be further reduced by this example, and membranous leakage current was able 
to be controlled further. 

[0060]lt also checked that the nitriding reaction of a substrate and an organic metal could 
arise, and a metaled nitride could be continuously deposited on a silicon nitride film by using 
the nitrogen radicals which made it generate from nitrogen gas or ammonia instead of the 
oxygen radical shown by this example. By using the mixed radical generated from NO system 
gas containing NO, N 2 0, or N0 2 , the acid nitriding reaction of a substrate and an organic 

metal can arise, and a metaled oxynitride can be continuously deposited on a silicon 
oxynitriding film. 

[0061 ]ln each above-mentioned example, although the oxide of a zirconium, hafnium, 
aluminum, and a lanthanoids was indicated, this invention is not limited to the above- 
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mentioned example, and can be applied also to the compound of wide range metallic 
elements, such as tungsten, tantalum, and titanium. Although the above-mentioned example 
indicated the case where the insulator layer formed by the method of the invention in this 
application was applied to gate dielectric film, The technique of the invention in this application 
is not limited only to the formation use of gate dielectric film, is a barrier layer etc. which are 
used for the multilayer interconnection layer of a silicon integrated circuit, and can be applied 
also to the case where a precise film is deposited for every atomic layer, and the capacity 
insulation film of a DRAM capacitor. 

[0062]TiN formed by irradiating with nitrogen radicals as the above-mentioned barrier layer, for 
example using tetra dimethylamino titanium as an organometallic compound material, Or TaN 
etc. which are formed by irradiating with nitrogen radicals can be used using said 
organometallic compound material penta dimethylamino tantalum. 
[0063] 

[Effect of the lnvention]As explained above, in this invention, it irradiates with an organic 
metallic compound, an oxygen radical, nitrogen radicals, or the mixed radical of oxygen and 
nitrogen by turns. 

Therefore, it becomes possible about carrying out the gaseous phase deposition of a metaled 
oxide, nitride, and oxynitride thin film for every atomic layer, and very high homogeneity and 
reliability can be acquired. 

It made it possible to deposit aluminate, silicate, and a lanthanoids insulator layer in the 
gaseous phase for every atomic layer. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** S hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a figure showing the outline composition of the gaseous phase deposition 
apparatus of this invention. 

[Drawing 21 lt is a figure showing the relation of the thickness per 1 cycle and raw material 
irradiation time at the time of carrying out the mutual exposure of an organic metallic 
compound and the water. 

[Drawing 3] lt is a figure showing the relation of the thickness per 1 cycle and raw material 
irradiation time at the time of carrying out the mutual exposure of an organic metallic 
compound and the oxygen radical. 

[Drawing 4] lt is a figure showing the situation of saturation adsorption typically. 

[Drawing 5] lt is a figure showing the relation between forming temperature and membrane 

formation speed. 

[Drawing 6] lt is a figure showing element distribution of the depth direction of the film deposited 
by the method and the conventional method of this invention. 

[Drawing 7] lt is a figure showing the electrical property of Hf0 2 concerning the 1st example of 
this invention. 

[Drawing 8] lt is a figure showing the relation of the thickness per 1 cycle and raw material 
irradiation time at the time of carrying out the mutual exposure of an organic metallic 
compound, an oxygen radical, or the water. 

[Drawing 9] lt is a figure showing the electrical property of aluminum 2 0 3 concerning the 3rd 
example of this invention. 

[Drawing 10] lt is a figure showing the relation between trimethylaluminum, and the mixture 
ratio and film composition at the time of mixing tertiary butoxyhafnium. 
[Description of Notations] 
1 Membrane formation room 
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2 Heater 

3 Substrate 

4 Radical source 

5 Vacuum pump 

6 Massflow controller 

7 Raw material cylinder 

8 Oxygen or a nitrogen gas cylinder 

9 Vaporizer 

10 Sealing valve 

1 1 Fluid massflow controller 

12 Liquid material cylinder 

13 Helium gas bomb 

14 Silicon substrate 

15 Silicon oxide 

16 Organic metal material 

17 Oxygen radical 

18 Metal oxide thin film 



[Translation done.] 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DRAWINGS 



[Drawing 2] 
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[Drawing 3] 




[Drawing 1] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 10] 
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[Drawing 7] 
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[Drawing 8] 
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